The aim o f seawater irrigation system (SIS) is to clean up shrimp pond effluent and provide high quality seawater for shrimp farming. The system has three components: water intake, treatment res ervoir and discharge system. There are criteria for site selection because shrimp farmers are required to form associations so they can work closely together. The construction site must be on the coastal area outside a mangrove forest. The site must be located away from a productive agricultural area. All construction sites must have undergone an environmental impact assessment (EIA), and should be located on the area listed in Thailand's Coastal Zone Management Plan (CZMP).
Five SIS projects were completed and operated. These covered a culture area of 6,500 ha and 1,300 farmers (families). Department of Fisheries (DOF) has planned for another 28 projects. It will cover almost 44,000 ha of culture area.
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When Thailand started producing shrimp, most of the farms de pended on natural resources which turned out to be an inefficient way of production. Expensive shrimp farming occupied large ar eas along the coastal zone in the Upper Gulf. Large ponds of at least 1.6 ha were built in mangrove forests because shrimp larvae in the mangrove were automatically recruited into the ponds as water was pumped in. The shrimp were left in the pond, feeding on natural food, for about 6 months. After the rearing period, grown up shrimp were harvested and sold to the local market. This primi tive way of shrimp culture reduced mangrove forests. Harvests were low. Not until the last decade was intensive shrimp culture introduced in the country. Small ponds averaging 0.5 ha in size were built, and these replaced the large ponds in the mangroves. Culture areas also expanded to new locations outside the forests. Shrimp larvae from hatchery were stocked at high density and given artificial food. Antibiotic was administered for bacterial disease control. These practices led to higher pond yield, with shrimp produc tion increasing at an average of 8-18 mt/ha/yr. The result was the proliferation of intensive shrimp farms. Shrimp farms in Thailand comprised 40,769 ha in 1984; expanded to 75, 332 ha in 1991;  and decreased slightly to 70,400 ha in 1998 which produced 310,000 mt in 2000. Thailand has been the leading shrimp ex porter since 1991 (Table 1 and Figure 1 ). Its major markets are USA, Japan, and the European Union countries.
Keys to success
The key reasons for Thailand's success in marine shrimp farm ing have been well discussed and reported. Key factors include favorable agroclimatic condi tions, availability o f wild broodstock, farmers' long experience in aquaculture, strong infra structure and support services, the fact that the industry is made up of small, efficient and nimble operations, and lately, strong control of environmental problems. An example of the latter is the Seawater Irrigation System or SIS, a solution introduced by the Department of Fisheries to the inadequate design of water supply that causes water pollution and shrimp diseases. The situation has occurred in many places, like Taiwan, where shrimp culture collapsed after a long period of growth.
Major constraints to Thai shrimp farming
Increasing attention has been given in recent years to some major constraints to marine shrimp farming industry in Thailand. One of these is water pollution from effluents. Pollution loading and toxic materials have been cited as the main reasons for the deterioration of coastal natural resources and the environment. Another concern is the loss of mangrove, which occurred during the expansion of shrimp farms.
Some studies show the quality of effluent and pollution load ing from marine shrimp farms. A 1993 study revealed that the pol lution loading from an intensive tiger shrimp farm in Ranot, Songkhla province was as follows: total nitrogen 202 kg/ha/day, total suspended solid 532.2 kg/ha/day and chlorophyll 0 .11 kg/ha/ day.
Other studies revealed that the total loading from marine shrimp farm in Kung Meanwhile, a 1995 survey showed that the utilization of mangrove in Thailand, synthesized from the satellite image in 1993 (Landsat TM: 50,000), was of three main types:
• 6,500 ha (17.5%) used for shrimp farm • 138,785 ha (37.31%) used for land settlement and other purposes • 168,028 ha representing the unused mangrove Only a small portion of mangrove has been utilized for shrimp farming. However, through zoning or licensing, DOF has tried to move all shrimp farms from the productive mangrove to the un productive mangrove areas, or to private land outside mangroves.
Macintosh and Phillips in a 1992 study compared the quality of shrimp farm effluent with that of effluent from other potential sources of pollution. They found that polluted water from shrimp farm has pollution loading considerably less than that of domestic or industrial wastewater.
However, polluted water from intensive shrimp farm still plays a major role in the coastal water contamination. This is because the considerable amount of effluent contains a variety of suspended solid including excess feeds, fertilizers, chemicals and antibiot ics. Marine shrimp effluent is highly diluted but it is a large vol ume, requiring high investment for treatment. A 1994 study sug gested that the suitable treatment process would be a combination between chemical and physical treatments. DOF has long studied the problems of inadequate design of water supply, water treat ment process, as well as mangrove destruction to find the opti mum solution for sustainable shrimp culture development. The conclusion: seawater irrigation system.
What seawater irrigation system (SIS) does
The aim of SIS is to clean up shrimp pond effluent and provide high quality seawater for shrimp culture. Its general purpose is to provide small-scale shrimp farms with a reliable supply of clean water. The SIS has three components:
• Water intake. Shrimp farms in the project are supplied with sufficient high quality seawater. The uncontaminated seawater is carefully taken from offshore via a pumping facility and through underground pipeline • Treatment reservoir. The partially treated effluents from private shrimp farms are pumped into a common treatment reservoir and then treated by appropriate treatment proce dures • Discharge. After the water is treated, the effluent is drained offshore. The quality of discharged water will be controlled by the government or by shrimp culture groups and should not exceed the assimilative capacity of the adjacent sea Because of non-uniform small-scale shrimp farms, the de sign engineers frequently find it difficult to design a simple seawater system existing in the shrimp culture area. Thus, a vari ety of seawater systems has been designed depending upon loca tion, water resource availability and pond topography. (2000); na = production less than 25,000 tons. 
Farmer associations and education
Shrimp farmers should form cooperatives or associations by re gion in order to exchange technology and to achieve cooperation in water use and waste management. Shrimp culture techniques are also constantly improving, and it is important that shrimp op erators continue to increase their knowledge of sustainable farm ing techniques. GMPs for farmer association and education include: • Farmer associations should be encouraged. Meeting among mem bers should be routinely held for exchanging information on shrimp culture • The farmers would participate in training in the aspects of shrimp farm management, in the manner of friendly environment prac tices, and for law and regulation for shrimp culture industry • The association should promote "environmentally-friendly" prac tices
Data collection
Data collection on the above topics and farm accounts should be done. Shrimp farming associations should cooperate with the de partment of Fisheries to collect, organize, and evaluate data to dem onstrate the adoption of GMPs and document the benefits of their use.
SEAWATER IRRIGATION FROM PAGE 5
What is SIS Several Seawater Irrigation Systems have been built and it is likely that more will be constructed in the near future. The systems differ because of the variety of pond layout, different ecological systems and limitation of land utilization in different areas. They are nor mally designed using three types of water management.
• Open Sea System (SIS type I). In private shrimp farms most of which have their own water intake facilities, the DOF will pro vide a drainage pumping system to collect shrimp farm effluent which is then given appropriate treatment in a common reser voir. The water is pumped out to a safe distance offshore • Bay System (SIS type II). High quality water supply will be pro vided by pumping through an underground pipeline. The length of the pipe depends on the distance of the best all-season water quality found offshore. The effluent will be treated in shrimp farms before release into a common treatment facility and then discharged into the water resource nearshore • Shrimp Farm Consolidated System (SIS type III). The system is the combination of the first two management systems. The water will be provided via a pumping system and stored in a common treatment facility. The drainage pumping system is also provided. This type of water management is ideal for the shrimp industry; it must be operated in a large area by the same management team and shrimp pond layout must be completely redesigned. There fore, a land reclamation program is required
Criteria for site selection
Thailand has large areas for shrimp culture. It has developed site selection criteria for future construction plans as follows:
• A Shrimp Farming Association is required in order to keep farmers working closely together. The association committee selected from the members provides linkage between farmers and the government. They will transfer the new technologies and government regulations to the farmers while informing the government about the problems during the rearing period (e.g. shrimp disease) and the difficulties of doing shrimp culture under the new environmental protection law • The construction site must be on the coastal area outside a mangrove forest, preserving land for environmental protection or other purposes, and protecting the area for tourism • The site must be located away from a productive agricultural area. If necessary, the construction sites near agricultural areas must have additional studies on environmental impact • All construction sites must have undergone an EIA which is included in the feasibility study prior to the engineering design work • The construction sites should be located on the area listed in the Country' s Coastal Zone Management Plan (CZMP) Implementation Several SIS projects have been completed -in Ranot, Songkhla province; Ban Nakot, Nakorn Sri Thammarat province; and Kung Krabaen Bay, Chanthaburi province. Others are in varying stages of completion, and 28 more locations are on the list for feasibility study and engineering design. The ongoing project will cover a shrimp culture area of 44,000 ha. The government has invested US$ 77.28 million. Farmers are expected to pay for the operation and maintenance cost through the farmers cooperatives manage ment system.
Project details
There are a few sites that have been completed on the southern coast of Thailand, in Ranot, Songkhla province and Nakot, Nakorn next page Aquaculture 24 (1 The Ranot project was designed for pumping treated water off shore. The effluent collected from shrimp farms in the project area are treated by aeration and sedimentation along the drainage ca nal. The physical aeration and sedimentation process are the main treatment processes. Residence time is 10 hours. The water is rechecked at the pumping station for final treatment. If the water quality is acceptable, coagulant such as calcium oxide, alum and zeolite are added. The National Institute of Coastal Aquaculture and Songkhla Coastal Aquaculture Sta tion conducted the environmental im pact assessment (EIA) before construc tion work and after the project started.
SEAFDEC Asian
The results showed that water quality meets the coastal quality standard as shown in Tables 2 and 3 .
Conclusion
The Seawater Irrigation System is one of the first attempts to prevent environ mental degradation resulting from shrimp culture. The aquaculture indus try produces excessive metabolic waste products. Uneaten food may be flushed into adjacent environment during pond preparation for the coming crop.
As the world's leading marine shrimp producer, the Thai government has re alized its responsibility towards mini mizing negative impacts of intensive shrimp culture operation. It has tried to devise several solutions to sustain its marine shrimp culture industry and pro tect the environment.
One solution that has shown prom ise is the Seawater Irrigation System. The system would incorporate pre-and post-water treatment through mechani cal and biological measures. The pollu tion load in pond effluent is significantly reduced.
Although SIS can help reduce pol lution loading from shrimp pond efflu ent and provide high quality water supply resulting from increas ing shrimp production, it is only contributory to a sustainable shrimp farm management. There are other crucial parts.
Farmers should be well educated on sustainability shrimp farm practice e.g. a limit of 10 mg/l biological oxygen demand (BOD) in all shrimp farm effluents, a ban of flushing of mud or silt from shrimp farm area into natural water source or public area, a ban on releasing of saltwater into public freshwater resources and a limit on stocking and amount of feeding.
Regulations have been established, but enforcement is another issue partly because of budget and manpower constraints. There fore, farmers should be given incentives such as tax reduction or export privileges. These could provide strong incentives to follow environmentally sound shrimp culture practices.
The experience of SIS in shrimp farming in Thailand could be adopted by other countries in the region. The system has shown results that warrant serious consideration. It is environmentally friendly and can promote sustainable shrimp farming. ### 
